Abstract-This study explored medical conditions associated with mortality among veterans following transfemoral amputation, transtibial amputation, or hip disarticulation. We applied logistic regression models to identify clinical factors associated with mortality postoperatively. The participants included patients with lower-limb amputations (n = 2,375) who were discharged from Veterans Health Administration hospitals between October 1, 2002, and September 30, 2003. Most (98.9%) were male. We measured cumulative in-hospital, 3-month, and 1-year mortality. The results were 180 in-hospital deaths, 368 by 3 months, and 634 by the 1-year postsurgical amputation date. Those who had perioperative systemic sepsis (odds ratio = 4.28, 95% confidence interval = 2.87-6.39) had more than a fourfold increased likelihood of in-hospital mortality. Congestive heart failure, renal failure, and liver disease were significantly associated with mortality at all time periods. Metastatic cancer was associated only at 3 months and 1 year. We concluded that high medical complexity and mortality rates attest to the need for careful medical oversight during the postacute rehabilitation period.
INTRODUCTION
Peripheral vascular disease (PVD) and diabetes mellitus are the most common reasons for lower-limb amputations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Diabetes mellitus increases an individual's risk for amputation twelve-to fifteenfold and accounts for over 50 percent of all nontraumatic amputations in the United States annually [12] [13] . Glycemic control, systolic blood pressure, microvascular complications (such as neuropathy, retinopathy, and nephropathy), and history of stroke have been found to be independent predictors of amputation [13] .
Mortality following a lower-limb amputation is quite high. Thirty-day mortality rates range from 6.3 to 42.3 percent [14] [15] . Pohjolainen, Alaranta, and Wikstrom reported that 25.5 percent of patients with lower-limb amputations in Finland died within 2 months of the amputation and nearly 40 percent within 1 year [7] . Survival rates at 2 to 5 years are also poor, with over 50 percent of patients dying at 2 years and roughly 70 percent by 5 years [1, [6] [7] [8] [14] [15] .
Little has been written about the implications of high mortality rates in a population of patients typically considered for rehabilitation following surgery. This article explores the factors associated with mortality following transtibial or transfemoral amputation or hip disarticulation and considers the affect on the rehabilitation decision-making process.
METHODS

Description of Data Sources
To capture diagnostic information from different aspects of the patient care process, our analyses included four separate database sources of administrative data from the Veterans Health Administration (VHA). The first source was the Patient Treatment File (PTF) database, including the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes relevant to the entire inpatient hospital stay. One variable in the PTF is the principal diagnosis (Dx Prime), and nine additional variables are available to express secondary diagnoses. Another variable describes the diagnosis most responsible for the major part of the patient's full length of stay (Dx Lsf). The PTF record associated with the hospitalization within which the primary amputation surgery occurred is called the "index PTF" and is the baseline patient record.
The second source was a database that includes multiple individual "bed section" records that capture diagnostic information collected on patients receiving care on particular services (surgery, intensive care unit, medicine, etc.) during the entire hospital stay. Each bed section record includes a variable describing the medical condition most responsible for the length of stay in the bed section and four variables for secondary diagnoses directly related to care received during that treatment period. Patients typically have multiple bed section records for each hospitalization (associated with the index PTF). Each bed section record has admission and discharge dates which, when linked, correspond to the full PTF stay.
The third database source describes outpatient visits. During each outpatient visit, a principal diagnosis intended to describe the reason for the visit is coded (Dx Lsf) in one variable. Nine additional variables are available for secondary diagnostic information.
Finally, the fourth database was the Department of Veterans Affairs (VA) Beneficiary Identification Records Locator Subsystem (BIRLS) death file. The PTF identifies patients who died in a VA hospital. The BIRLS database contains records of all beneficiaries, including veterans whose survivors applied for death benefits [16] . Combining the BIRLS with the PTF will provide a thorough list of the veterans with lower-limb amputations who died. Neither the PTF nor the BIRLS provides specific cause of death information as indicated by an ICD-9-CM code.
Database Development
We combined ICD-9-CM codes from the PTF, bed section, and outpatient files to distinguish between diagnoses that likely contributed directly to amputation, otherwise known as etiological conditions, and concurrent conditions less likely to be directly related to the amputation, or comorbidities. The etiological and comorbid conditions were captured with ICD-9-CM codes in each PTF case record. Two physician authors established the list of etiological diagnoses in conjunction with a literature review and the conditions in the Dx Prime and Dx Lsf variables of the PTF [2, 5, [17] [18] . Clinically, similar ICD-9-CM codes were grouped into 11 etiological categories ( Table 1) .
Rather than seeking to assign a single etiological cause for the amputation, we considered the cause of limb loss to be multifactorial, recognizing that many clinical conditions interact and ultimately lead to limb loss. Groups of ICD-9-CM codes evidencing trauma, systemic sepsis, skin breakdown, device infection, local significant infection, previous amputation complication, diabetes mellitus (types 1 and 2), chronic osteomyelitis, problems with peripheral circulation, congenital disorders, and cancer of the lower limb were included as etiologies. The etiological variables captured diagnostic information from the index PTF and all outpatient files where the date of contact fell within 3 months preceding the index PTF admission date. The etiological variables also included diagnostic codes from any bed section record where the admission date occurred no earlier than 3 months preceding the index PTF admission date.
Codes from bed sections with admission dates after the surgical date were not included.
Comorbidity was expressed by the Elixhauser Measure. The Elixhauser consists of 31 separate measures expressing each condition separately by combining sets of related ICD-9-CM codes [19] . The conditions include ICD-9-CM codes describing congestive heart failure, arrhythmias, valvular disease, pulmonary circulation disease, PVD, hypertension, hypertension with complication, paralysis, other neurological disorders, chronic obstructive pulmonary disease (COPD), diabetes mellitus, diabetes mellitus with complication, hypothyroidism, renal failure, liver disease, peptic ulcer disease, acquired immune deficiency syndrome, lymphoma, metastatic cancer, solid tumor without metastases, rheumatoid arthritis, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, chronic blood loss anemia, deficiency anemias, alcohol abuse, drug abuse, psychoses, and depression. Although less commonly reported in the literature than the Deyo version of the Charlson index [20] , the Elixhauser Measure includes a broader array of diagnostic conditions. Some evidence has shown that it is a superior predictor of mortality [21] . Diabetes mellitus, diabetes mellitus with complication, and PVD were not included among the Elixhauser conditions, since they were already included as contributing etiological conditions. An individual could have multiple etiological or comorbid diagnoses. Each etiological or comorbid condition was coded "1" if present and "0" if absent.
Case Inclusions
This study included all 2,375 patients who were admitted to 100 VA medical centers (VAMCs) around the nation for transtibial or transfemoral amputation and hip disarticulation and had acute hospital discharge dates between October 1, 2002, and September 30, 2003. The hospital stay at the time the surgical amputation occurred represented the "index stay." Patients were excluded if they had amputations that involved toes only or had a record of a previous lower-limb amputation within the 12 months preceding the index surgical amputation. Surgical amputation that includes transtibial, transfemoral, and hip disarticulation was captured with the surgical ICD-9-CM procedure codes 84.10, 84.13-84.19, and 84.91 [15] .
Approach to Modeling
Using the statistical analyses, we developed a multivariate model to determine the clinical factors most associated with mortality following amputation. The analyses began with a series of cross-tabulations between each explanatory variable and mortality at three time-points: in-hospital, 3-month, and 1-year. The presence versus absence of each etiological and comorbid condition was expressed as a dichotomous indicator. Sociodemographic variables included age and sex. Age was entered as a series of segmented dummy variables, with 50 years and younger as the reference group. Females were the reference group for sex. Variables that predicted mortality were included in multivariate models only when expected values were five or more individuals. No case from our sample had an ICD-9-CM code for obesity as defined by the Elixhauser Measure. We used logistic regression modeling to control for multiple variables simultaneously and to compute 95 percent confidence interval (CI) around each odds ratio (OR). We assessed the impact of increasingly detailed information on the likelihood of mortality through a series of fixed multiple logistic regressions, where sets of clinically related variables were entered in sequential models. Amputation level and sociodemographic variables were entered together as a block, followed by contributing etiological diagnoses, and finally by comorbidities. The C statistic assessed model performance corresponding to the area under the receiver operating characteristic curve [22] . C statistics closer to 1.0 denote greater model prediction power. We applied the Hosmer-Lemeshow goodness-offit statistic to test-fit the data to the model. Statistical significance at p < 0.05 was used to reject the hypothesis of fit [23] . Analyses were performed with SAS Version 9.1 (SAS Institute, Cary, North Carolina). The p-values were two-sided, with p < 0.05 being considered statistically significant. An association is statistically significant at this level if its 95 percent CI does not include 1.0.
RESULTS
Study Population
Among the 2,375 veterans included in the study, 98.9 percent were male, average age was 67.3 years (standard deviation [SD] = 11.0), and average length of stay was 28.6 days (SD = 52.3). Over one-half or 59.5 percent of the amputations were transtibial, 39.7 percent were transfemoral, and 0.7 percent were hip. Four cases had an unknown level of amputation. Their level of amputation was imputed using hot-deck methods [24] . The in-hospital mortality rate was 7.6 percent, the 3-month mortality rate was 15.5 percent, and the 1-year mortality rate was 26.7 percent. Table 2 characterizes the population by indicating mortality prevalence associated with each candidate predictor variable. Table 3 shows the adjusted OR for each explanatory variable according to the completely saturated models of in-hospital, 3-month, and 1-year mortality. The C statistic for the model predicting in-hospital mortality based on age, sex, and level of amputation was 0.66. With the addition of the contributing etiological conditions, it increased to 0.73. With the addition of the Elixhauser conditions, the C statistic increased to 0.80. C statistic increases were similar for the 3-month and 1-year regressions; however, as shown by Table 3 , model performance was slightly better for inhospital than for 3-month and 1-year mortalities. 
Etiological Factors
In-hospital mortality and likelihood of mortality at all subsequent time periods were most strongly associated with systemic sepsis in the perioperative period after the adjustment for sociodemographic differences, level of amputation, and comorbidities. Likelihood of mortality was not significantly increased according to any of the other etiological factors. In-hospital rates of mortality were significantly lower among patients identified as having diabetes mellitus type 2 and 3-month mortality rates were lower for those coded with chronic osteomyelitis. Two of the eleven etiological category variables, congenital deformity (one case) and lower-limb cancer (zero cases), were not analyzed in the multivariate models because of insufficient prevalence.
Level of Amputation
After adjusting for age, etiological factors, and comorbidities, we found almost a thirteenfold increased risk of in-hospital mortality among patients with hip disarticulation compared with those with transtibial amputation (OR = 12.94; 95% CI = 3.36-49.86). In-hospital mortality was also elevated for veterans with transfemoral amputations compared with transtibial (OR = 2.52; 95% CI = 1.75-3.63). No association was found between increased likelihood of 1-year mortality and hip disarticulation, whereas mortality risk remained elevated among those with transfemoral amputations compared with transtibial (OR = 2.00; 95% CI = 1.61-2.48).
Comorbidities
Using logistic regression models, we found that adjusted in-hospital, 3-month, and 1-year mortalities were significantly elevated among patients with evidence of congestive heart failure, renal failure, and liver disease. Threemonth mortality likelihood was significantly increased with coagulopathy. In-hospital and 3-month mortality rates were higher among those who experienced in-hospital fluid and electrolyte disorders. Those patients with documented metastatic cancer had higher 3-month and 1-year mortality rates. Among those with solid tumor without metastases and those with COPD, 1-year mortality, but not 3-month or inhospital, was elevated. Patients with hypertension listed among their diagnoses had a reduced likelihood of inhospital, 3-month, and 1-year mortality.
Age
Unadjusted risk of mortality increased with age. Strength of this association decreased progressively with the addition of more diagnostic details. The association between in-hospital mortality and age was no longer statistically significant after adjusting for level of amputation, etiological contributing factors, and comorbid conditions. In contrast, the association between longerterm mortality and age diminished but remained statistically significant among the oldest veterans with amputations. When compared with those aged 70 or younger, veterans with amputations aged 71 and older had higher adjusted 3-month mortality risks. Only those aged 81 and older had higher adjusted 1-year mortality risks. We found nearly a fourfold increased risk of mortality at 1 year, even after removing the effects of perioperative medical complexity among those over the age of 86 (OR = 3.86; 95% CI = 1.91-7.79). Among those over the age of 86 (OR = 6.86; 95% CI = 2.53-18.59), close to a sevenfold increase in likelihood of mortality at 3 months was found. 
DISCUSSION
The in-hospital mortality rate found in this study is consistent with previously reported data; however, the 1-year survival rate was slightly higher in this population than in other VA reports and among those treated in the private sector (Table 4) [6, 14, [25] [26] [27] . Some trend has shown that over the years, survival rates have improved; however, based on a post hoc random-effects model, survival rates were not statistically significantly higher than those found in the other studies. The trend toward higher survival rates found in our study may be related to overall improvements in technology that were not available to clinicians when the earlier studies were conducted. It may also be that VA patients have better access to the full continuum of services ranging from emergent to long-term and nursing home care than private sector patients. Perhaps veterans who have a lower-limb amputation performed in the VA healthcare system are provided a more coordinated and vertically integrated approach to postacute services, which in turn may affect longer-term survival.
Systemic sepsis was the single most predictive etiological factor of mortality in our analysis. In a recent retrospective study at an academic tertiary care center, Aulivola et al. found that cardiac complications were the leading cause of death within 30 days following lower-limb amputation (10/35), followed by sepsis (5/35) and pneumonia (4/35) [26] . The 30-day mortality rate was 8.6 percent in this population, and patients with sepsis requiring guillotine amputation had a significantly higher 30-day mortality rate of 14.3 percent [26] .
Age has been noted to predict mortality following nontraumatic lower-limb amputation [15, 25] . However, in this analysis, except for very elderly patients, the importance of age as a factor declined with the addition of more diagnostic details. This finding suggests that the associated burden of illness, rather than age, most influences mortality among persons with lower-limb amputation. Comorbidities appeared to affect mortality rates postamputation in logical ways. Severe progressive conditions including renal failure, liver disease, and congestive heart failure predicted mortality at all three postoperative time-points. Unsurprisingly, fluid and electrolyte disorders during the hospitalization were associated with higher rates of in-hospital and 3-month mortality. Also reasonable was that the presence of metastatic cancer and solid tumor without metastases significantly increased likelihood of mortality at 3 months and 1 year, respectively.
The comorbid conditions found to be positive predictors of mortality are consistent with other studies. Collins high in patients on dialysis and that patients with even moderate renal insufficiency were at higher mortality risk than those with mild or no renal disease [27] . Kantonen et al. likewise found the presence of coronary artery disease and renal dysfunction to be associated with higher postoperative mortality rates [28] . The presence of complex medical conditions such as congestive heart failure, hypothyroidism, renal failure, coagulopathies, and fluid and electrolyte disorders signals the need for vigilant acute and longer-term medical management of patients with a lower-limb amputation. In one VA study, nearly 50 percent of the veterans with congestive heart failure died within 1 year [15] . Our findings that diabetes mellitus and hypertension appeared protective regarding mortality are clinically counterintuitive, but consistent with the findings of others. Patients who have these conditions documented in their administrative records have significantly lower rates of mortality [29] [30] . Perhaps the coding of more severe acute and complicating conditions among the seriously ill takes precedence. Or, perhaps because these patients have chronic conditions, they are monitored more carefully, and when problems do arise, they are caught early and do not develop into fatal issues.
Our finding that hip disarticulation was strongly associated with in-hospital mortality, but not longer-term mortality, suggests that the need for this high level of amputation is signaling greater perioperative acuity and complications but may not be associated with comorbidities associated with mortality. Other studies have shown lower survival rates for more proximal amputation levels [8, [31] [32] . Pohjolainen et al. reported survival rates at 2 months of 83.3 percent for patients with transtibial amputations, dropping to 67.7 percent for transfemoral [7] . By 1 year, survival was 69.9 and 53.8 percent, respectively [7] .
For rehabilitation of patients following a nontraumatic lower-limb amputation, care teams need a better understanding of mortality risk in the months and years following surgery to target services to this population. For patients at high risk of mortality within 6 months to 1 year, early intervention and rehabilitation goals that focus on appropriate mobilization, activities of daily living, and quality-of-life issues become critical. A better understanding of mortality risk factors would help care teams develop improved, integrated treatment plans for frail dysvascular patients at high mortality risk. A balance between early intervention and longer-term goals is the key. Evidence suggests that with early and aggressive rehabilitation following stroke, patients improved faster, which led to higher functioning levels more quickly, even though the control group caught up to them within 9 months [33] . For a patient with a recent amputation, our data showed that 3 months or 1 year is a large percentage of the patient's remaining life span and that rehabilitation must focus on appropriate activities that help patients function more quickly, thus adding quality to their remaining lifetime. While mortality following a lower-limb amputation for vascular disease is high, many patients who survive the immediate postoperative period receive a prosthesis [1, 7, 9, [34] [35] [36] [37] [38] . These patients function reasonably well, at least in the short term. When one considers the high-mortality and long-term outcomes, optimal postoperative care following a lower-limb amputation requires close collaboration and a team approach involving surgery, medicine, and rehabilitation to identify the most appropriate treatments, goals, and location of care.
While numerous clinical practice guidelines exist for the poststroke population [39] [40] [41] [42] , review of the literature found none for the postamputation population. Providing early and aggressive rehabilitation following lower-limb amputation makes intuitive sense, but evidence is lacking and should be a focus of future research. Development of a rehabilitation clinical pathway for patients with amputation would be one possible method of ensuring early postamputation involvement of rehabilitation professionals and could help in the careful analysis of the impact of early intervention. Because our sample was primarily male, the degree to which findings would generalize to female is unknown.
CONCLUSIONS
High mortality rates attest to the frailty of the postamputation veteran population. Rehabilitation strategies targeted to enhance the function of this larger population of patients with amputations need to address the shortened life span of many of these patients, and rehabilitation goals need to be adjusted accordingly. Careful medical oversight in the weeks and months following a nontraumatic amputation is critical in helping these patients achieve their highest functioning levels.
